A sequential study of lesions of the nasal cavity associated with sialodacryoadenitis virus (SDAV) infection was made in the laboratory rat. Wistar rats were intranasally inoculated with approximately 1 O3 TCID,, of the coronavirus SDAV. Transverse sections of four regions of the nasal cavity from inoculated and control animals were examined by light microscopy and immunohistochemistry at 2, 4, 6, 8, 10, and 14 days postinoculation (PI). Lesions were observed in the following regions of the upper respiratory tract: respiratory epithelium, transitional epithelium, olfactory epithelium, nasolacrimal duct, vomeronasal organ, and the submucosal glands of the nasal passages. In general, in structures lined by ciliated epithelial cells, there was focal to segmental necrosis with exfoliation of affected cells and polymorphonuclear cell infiltration during the acute stages, progressing to squamous metaplasia during the reparative stages. Repair in these regions was essentially complete by 14 days PI. In the olfactory epithelium and the vomeronasal organ, there was interstitial edema with necrosis and exfoliation of epithelial cells and minimal to moderate inflammatory cell response during the acute stages. Residual reparative lesions were still evident in the olfactory epithelium, the columnar epithelium and neuroepithelium of the vomeronasal organ, and the nasolacrimal duct at 14 days PI. Viral antigen was demonstrated by immunohistochemistry in all regions during the acute stages of the disease, with the exception of the vomeronasal organ. In view of these findings, infections of the respiratory tract with viruses such as SDAV could have significant effects on functions such as olfaction and chemoreception for 1 2 weeks postexposure in this species.
Sialodacryoadenitis (SDA) virus (SDAV) is a naturally occurring coronavirus of the laboratory rat that produces transient necrotizing lesions in susceptible rats, including sialoadenitis, dacryoadenitis, rhinitis, tracheitis, and bronchoalveolitis. 1320327 In addition, reproductive behavioral change^,^ and depletion of epidermal growth factor from submandibular salivary glands19 have been associated with SDA. The disease may occur as a subclinical infe~tion,~ although lesions are likely to be present in target organs during the acute and convalescent stages. Serologic survey results have indicated that coronaviral infections are relatively common in laboratory rats housed in research facilities. I3J5 The macroscopic and microscopic features of the nasal cavity in the laboratory rat have been previously d e s~r i b e d .~,~' ,~~
In addition to functions such as warming, humidifying, and filtering of incoming air, the nasal cavity of rodents contains receptors for olfaction I Present address: Health Canada, Animal Resources Division, Sir Frederick Banting Research Centre, Tunney's Pasture, Ottawa, Ontario, Canada.
and chemoreception. The nasal cavity also contains various biotransformation enzymes, indicating that it is likely an important site for the metabolism of xenobiotics.* The nasal passages are also a potential target organ for inhaled and parenterally administered toxic agent^.^,^ There are several highly specialized structures present in the nasal passages in laboratory rodents. The vomeronasal organ is a paired blind-ended tubular structure encased in the bony ventral nasal septum. It is considered to be a chemoreceptor organ and thought to play a role in pheromone-mediated behavior. 25 One side of the wall of the vomeronasal organ is lined by neuroepithelium and the opposite wall is lined by pseudostratified epithelium.8 The nasal cavity is divided into three primary zones based on the nature of the mucosal lining: stratified squamous, respiratory, or olfactory epithelium. Transitional epithelium is essentially a subset of the respiratory e p i t h e l i~m .~ Another specialized epithelium, lymphoepithelium, covers aggregates of lymphoid tissue in the nasopharynx.'O In general, respiratory epithelium and olfactory epithelium each cover close to 50% of the total surface area of the nasal cavity; the remaining approximately 4% Vet Pathol 3 2 1 , 1995 is covered by stratified squamous epithelium.8 The olfactory epithelium covers the majority of the ethmoid turbinates and the dorsal attachment of the nasal septum and nasoturbinates. It is a uniform pseudostratified columnar structure composed of bipolar neurons, sustentacular cells, and basal cells.3 The nasal mucosa is lined with submucosal glands, which are named according to their location, morphology, and/or staining properties. 12 Because of their complexity and the need for decalcification prior to processing, the nasal passages are not always examined histologically in a systematic manner. A detailed examination is particularly useful in studies of the effects of a chemical i n~u l t~~J ' or infectious agent in this target area. SDAV is an example of an infectious agent that produces a transient rhinitis during the acute stages of the The primary objective of this study was to do a detailed and systematic examination of the nasal cavities of SDAVinfected Wistar rats, using standardized procedures. 28 Herein, we report the changes observed in the various regions of the nasal passages over a 14-day period following inoculation with SDAV.
Materials and Methods
Thirty-three specific-pathogen-free male Wistar rats (Crl: [WIJBR) 8-10 weeks of age were obtained from a commercial supplier (Charles River Canada, St. Constant, PQ). Animals were housed and cared for in accordance with the guidelines of the Canadian Council on Animal Care. Rats were housed in polycarbonate cages lined with hardwood bedding, with either one or two animals per cage. Rats were fed commercial rat pellets (Purina Rodent Chow, Ralston Purina Co., St. Louis, MO) ad libitum and had free access to bottled tap water. Room temperatures were maintained at 20-22 C, humidity was 40-50%, and lighting was on an 8.5 : 15.5 hour light : dark cycle. Upon amval, rats were randomly divided into two groups. The negative control group (eight animals) was housed in the Central Animal Facility (CAF) at the University of Guelph. The 25 rats to be inoculated were housed in the isolation facility (IF) ofthe Ontario Veterinary College. Animals were allowed to acclimatize to their respective rooms for 1 week prior to beginning inoculation procedures.
Virology
SDAV strain 681 was obtained from P. N. Bhatt (Comparative Medicine, Yale School of Medicine, New Haven, CT). Virus was replicated in L-2 cells as previously described,I8 and the second passage was used as the inoculum. Rats in the IF were inoculated with approximately 1 O3 TCID,, of SDAV in 0.1 ml of tissue culture fluid (50 pl/nostril). Similarly, control animals in the CAF received 0.1 ml of sterile tissue culture medium only, using the same technique.
Serology
Antibody titers to rat coronaviral antigen were determined using an indirect fluorescent antibody (IFA) technique.23 Par-ker's rat coronavirus replicated in L-2 cells and placed on multiwell slides was used as the source of antigen. Fluorescein-labeled goat anti-rat IgG (Antibodies Inc., Davis, CA) was used as the second antibody. Two days prior to the inoculations, blood samples were collected from five rats in the IF and three rats in the CAF tranquilized with Innovar-Vet (Pitman-Moore Ltd., Washington Crossing, NJ) administered intramuscularly at a dose ofO. 1 ml/kg. Approximately 1 ml of blood was collected from the tail artery using a previously described technique.' Blood was also collected from all animals immediately prior to necropsy via cardiac puncture under deep anesthesia. Serum was stored at -90 C until tested. In addition to the testing for coronaviral antibodies, the sera from six rats collected on the 10th or 14th day postinoculation (PI) were pooled (two rats per pooled sample) and submitted to a commercial laboratory (Institut Armand-Frappier, Laval-des-Rapides, PQ) to be tested for antibodies against the common murine respiratory pathogens (Sendai virus, pneumonia virus of mice, Mycoplasma pulmonis, and cilia-associated respiratory bacillus).
Tissue sample collection and processing
One or two negative control animals and four or five SDAVinoculated animals were euthanatized on days 2, 4, 6, 8, 10, and 14 PI. Approximately 5 minutes prior to euthanasia, the rats were injected with 2,000 units of heparin (Hepalean, Organon Teknika, Scarborough, ON) intraperitoneally. Animals were then euthanatized with an intraperitoneal injection of sodium pentobarbital (Somnotol, M.T.C. Pharrnaceuticals, Cambridge, ON). Rats were exsanguinated via cardiac puncture, and an aliquot of blood was collected for serology. Tissues collected at necropsy included the head, trachea, lungs, submandibular and parotid salivary glands, and Harderian and exorbital lacrimal glands. 20 Tissues were fixed by intravascular perfusion with modified Karnovsky's fixative or 10% neutral buffered formalin according to methods previously described. l4 The nasal cavities were also fixed for 2 minutes by retrograde intratracheal perfusion, and then all collected tissue samples were immersed in the appropriate fixative. The skulls were washed overnight in the cacodylate buffer solution before being decalcified in 10% ethylenediaminetetraacetic acid (pH 7.4) for approximately 6 weeks. Four transverse blocks of the decalcified nasal cavity were made according to previously published practices2* as follows: level 1, immediately posterior to the incisor teeth; level 2, at the incisive papilla; level 3, at the second palatine ridge; and level 4, at the level of the first upper molar teeth. The sections of nasal cavity and the other collected tissues were routinely processed for light microscopy, embedded in paraffin, sectioned at 4-6 pm, and stained with hematoxylin and eosin (HE). Selected sections of the Karnovsky-fixed nasal cavity from four animals were also embedded in epon. Thick sections (1 pm) were cut and stained with toluidine blue for light microscopic examination.
The four types of epithelium lining the nasal cavity (stratified squamous, transitional, respiratory, and olfactory), various nasal cavity structures (maxillary sinus, nasolacrimal duct, and vomeronasal organ), and selected glands were evaluated at their appropriate levels of the nasal passages. To simplify the evaluation, some of the glands were grouped together according to their anatomical location. The following glands or groups of glands were assessed: glands surrounding the vomeronasal organ, glands within the nasal septum (anterior and posterior septa1 glands), glands surrounding the maxillary sinus (lateral nasal gland and the maxillary gland), and Bowman's glands. The slides were examined as unknowns. The tissues were graded on a scale of 0 to 4, according to the degree and extent of the inflammatory or degenerative changes observed in these structures: The following criteria were used to score the tissue lesions; 0 = normal; 1 = mild, focal degeneration, and/or inflammation; 2 = moderate multifocal or segmental degeneration and/or inflammation of the epithelium; 3 = marked multifocal or segmental degeneration or inflammation; and 4 = severe multifocal or segmental to diffuse severe degeneration and/ or inflammation. Each level of the nasal cavity was individually evaluated.
Immunohistochemistry
A modification of the streptavidin-biotin immunohistochemical system, Histostain-SP (Zymed Laboratories, San Francisco, CA), was used to detect coronaviral antigen in the tissues. Paraffin-embedded tissue sections were deparaffinized with xylene and rehydrated in a graded series of ethanol. Endogenous peroxidase activity was inhibited by incubating the slides at room temperature for 10 minutes in 3% H,O, in methanol. Slides were then washed three times in phosphate-buffered saline (PBS). The tissues were incubated at 37 C for 10 minutes in 0.01% trypsin (Gibco Laboratories, Life Technologies, Grand Island, NY) to improve the reactivity between the antibodies and the fixed-tissue antigens. After washing with PBS, normal rabbit serum was used to reduce nonspecific staining. The primary antibody was a 1 : 500 dilution in PBS of anti-mouse hepatitis virus (JHM strain) serum prepared in rabbits (supplied by Dr. V. Moms, University of Western Ontario). Polyclonal antibodies to the closely antigenically related mouse hepatitis virus readily cross-react with SDAV.23 A dilute primary antibody solution and an overnight incubation (1 2-1 4 hours) at room temperature followed to minimize nonspecific background staining. After rinsing with PBS, the substrate chromogen was prepared, which consisted of 10 mg of 3,3' diaminobenzidine tetrahydrochloride (DAB; Sigma Chemical Co., St. Louis, MO) in 20 ml of PBS and 20 pl of 30% H,O,. Tissues were incubated for 10 minutes, then rinsed with distilled water to stop the reaction. The tissues were counterstained with hematoxylin, washed in tap water, dehydrated, and permanently mounted. The nasal cavity tissues from a noninoculated rat and the parotid salivary gland from a rat inoculated with SDAV 4 days prior to euthanasia were similarily processed to act as negative and positive controls, respectively. For a reagent control, an additional slide was treated with nonimmune rat serum in place of the primary antibody.
Results

Experimental infection
Approximately 30% of the SDAV-inoculated rats developed clinical signs consistent with SDA within the first 4-6 days PI. These signs were often mild and transient but included blepharospasm, photophobia, chromodacryorrhea, and cervical swelling. The noninoculated control rats were clinically normal throughout the course of the study.
Histo pathology
There were no histologic lesions observed in any of the noninoculated control animals. The following descriptions of lesions pertain to animals experimentally infected with SDAV. For lesion description, the nasal cavity tissues were condensed into six major categories based on their anatomical location, normal morphology, and/or similar histopathologic reactions. The distribution of the lesions within the various levels of the nasal cavity and the changing nature of the lesions over the course of the experiment are described according to these categories. The data used to construct the graphs depicting the mean tissue lesion scores ( Fig. 1) were derived by compiling the highest tissue lesion scores for each tissue, regardless of the level of the nasal cavity, and dividing this number by the number of rats in the group. The typical salivary and lacrimal gland lesions associated with SDA were also present in these infected rats.2o
Stratified squamous epithelium (SSE). There were no lesions observed in the SSE of experimentally infected rats during the course of the study.
Transitional epithelium (TE) and respiratory epithelium (RE). The nonciliated TE and ciliated RE are closely related anatomically and are very similar histologically. The nature of the changes caused by the SDAV infection was also very similar, and they are therefore grouped together for the description of lesions. Changes were observed in these tissues beginning on day 2 PI (Fig. 1 ). The lesions were initially confined to the mucosa lining the ventral two thirds of the cavity and the epithelium lining the nasoturbinates and maxilloturbinates. Maxillary sinus (MS) involvement was also a prominent feature starting on day 4 PI. Lesions in the sinuses were often asymmetrical, although in the affected sinus they were frequently quite extensive. There was relative sparing of RE lining the dorsal meatus and the caudal aspects of the nasal cavity. However, by day 8 PI there was extensive involvement of this epithelium in these regions. O n days 2, 4, and 6 PI, the lesions were predominantly degenerative. There was extensive focal to segmental necrosis with mucosal erosion and ulceration. Denuding to the basement membrane was occasionally observed. The earliest and/or mildest lesions consisted of loss of cilia from the RE cells. In addition, there was a marked reduction in the number of goblet cells lining the nasal septum, as compared with the number of these cells in control rats. Normally, the nasal sep- tum contains large numbers of goblet cells distended with mucus.12 The more severely affected cells of the TE and RE were swollen and round. Affected cells also had pyknotic nuclei and homogeneous eosinophilic cytoplasm. Compared with controls ( Fig. 2) , there was exfoliation of single cells and groups of necrotic cells accompanied by a moderate to marked infiltration of inflammatory cells into the epithelium, lamina pro-pna, and submucosa (Fig. 3) . Neutrophils were the predominant infiltrating cells during the first 4-6 days PI, followed by increased numbers of lymphocytes, plasma cells, and macrophages by day 8 PI. A fibrinocellular exudate containing exfoliated epithelial cells and degenerate inflammatory cells was present on the epithelium in many animals at 2-8 days PI. Regenerative changes were observed beginning at 4 days PI.
Previously eroded epithelium was covered by a thin single to multiple layer of attenuated cells with basophilic cytoplasm. By day 6 PI, scattered segments of the nasal cavity were covered by disorganized columnar epithelium. There was a return of polarity and cilia to the RE cells beginning at days 8 and 10 PI, with increased numbers of mucus-containing goblet cells lining the nasal septum. The inflammatory response was considerably reduced by day 10 PI and consisted mainly of mononuclear inflammatory cells. By 2 weeks PI, the TE and RE had been completely repaired in all of the infected rats (Fig. 1) .
Olfactory epithelium (OE). Lesions were first observed in the OE on day 4 PI and persisted throughout the study (Fig. 1) . The peak mean lesion score in this tissue was observed on day 6 PI. In contrast to controls (Fig. 4) , the lesions were focal to segmental and randomly distributed throughout the OE in the nasal cavity ( Fig. 5) . By day 6 PI, the number of focal lesions had reached their maximum distribution, and this decreased only slightly over the remaining collection periods. Involvement of the OE remained multifocal and never attained the same diffuse involvement as that observed in the TE and RE. Pale, homogeneous, eosinophilic material, interpreted to be low molecular weight proteinaceous fluid and fibrinocellular exudates, was occasionally present within the scrolls of the ethmoid turbinates starting on day 4 PI. The nature of the lesions in the OE throughout the entire collection period was predominantly degenerative. Initially, the degenerative changes were characterized by superficial cell necrosis with total loss of the olfactory cilia and the apical cytoplasm. In other segments of the epithelium, there was disruption of the normal architecture, and the presence of many necrotic cells. By days 6 and 8 PI, more severe lesions were observed. The necrotic process extended into the deeper layers of the epithelium, and in some instances the epithelium consisted of only one to three layers of nucleated cells covering basement membranes. Exfoliating necrotic cells and/ or tags of cellular debris were often adherent to these segments of severely affected epithelium (Fig. 5 ). There was minimal inflammatory response accompanying the necrotizing changes in the OE. Occasionally there were moderate numbers of neutrophils, and later in the infection mononuclear inflammatory cells were present within the epithelium and lamina propria. However, this was an inconsistent feature. In general, Bowman's glands and nerve bundles in the submucosa underlying affected areas were not affected. Occasionally a nerve bundle underlying an affected segment of OE was swollen and had a pale eosinophilic or vacuolated appearance. Regenerative changes in the OE were observed beginning on day 6 PI, but the extent of these changes was limited. In the initial stages, there were tightly packed basophilic, fusiform cells lining the severely eroded epithelium. By days 8 and 10, the epithelium was undergoing repair, with hypertrophy of regenerating cells. Repair of the OE was still incomplete on day 14 of the study.
Pharyngeal duct (PD). The PD is the caudal extension of the nasal passages and is lined by a ciliated, pseudostratified epithelium. The cellular lesions were identical to those described previously for the RE and were first observed and most extensive at 2 days PI (Fig. 1) . Fibrinocellular exudate lined the floor of the duct in most of the rats examined during the first 6 days of the infection. There was almost complete circumferential involvement of the epithelium lining the PD during the early stages of the infection. Compared with controls ( Fig. 6) , affected rats had a loss of cilia, a reduction in the number of mucus-containing goblet cells, and widespread epithelial necrosis (Fig. 7) .
Nasolacrimal duct (NLD). Histologic changes were observed in the NLDs in all infected rats, with the exception of one animal that was euthanatized on day 2 PI. A peak mean lesion score was recorded on day 4 PI, and lesions persisted throughout the study (Fig.  1) . Epithelial lesions in the NLD were initially very mild, consisting of scattered multifocal areas of intraepithelial edema and inflammation. There was also mild periductal edema and inflammation, with predominantly lymphocytes, plasma cells, and macrophages. Moderate, segmental epithelial hyperplasia, scattered single-cell necrosis, and moderate intraepithelial edema and inflammation typified the lesions on days 4 and 6 PI. Moderate squamous metaplasia of the duct epithelium was present on days 8 and 10 PI (Fig. 8) . By day 14 PI, the necrosis, edema, and inflammation had subsided, although remnants of stratified squamous epithelium remained. During the course of the infection, proteinaceous fluid, degenerate inflammatory cells, and exfoliated squamous epithelial cells filled the lumen of the NLD in many of the rats. Yellow-brown material similar to the porphyrin pigment present in Harderian glands was a consistent component of this exudate.
Vomeronasal organ (VO). The VO was divided into two regions based on epithelium, the columnar epithelium (VO-c) and the neuroepithelium (VO-N) ( Fig.   9 ). Lesions were present in both of these epithelia in most animals over the entire course of the infection. The maximum score was recorded on days 4, 6, and 8 PI for the VO-C and on days 8 and 10 for the VO-N ( Fig. 1) . Lesions in the VO were initially inflammatory and consisted of a moderate infiltrate of neutrophils into the epithelium and surrounding interstitium. The VO-C lesions were similar to those described in the RE. Starting at day 4 PI, there was a loss of polarity or disruption of the normal epithelial architecture. Over Fig. 8 . Nasolacrimal duct; rat, 8 days PI. Note the squamous metaplasia of the normally columnar to cuboidal epithelium. There is also moderate intraepithelial and interstitial edema accompanied by a moderate infiltration of inflammatory cells. HE. Bar = 50 pm. the next 2 collection days, the VO-C was composed of attenuated cells with basophilic cytoplasm, and there were also squamous metaplastic changes. Reparative changes were the predominant feature on days 10 and 14 PI. VO-N lesions were similar to those described for the OE. In some animals, the lesions were mild and consisted of segmental loss of the cilia and apical cytoplasm. In the more severely affected rats, the entire VO-N was involved. There was concurrent interstitial edema and necrosis of the supporting and bipolar cells ( Fig. 10) . Early regenerative changes were evident by day 10, but restoration of the epithelium was still not yet complete on day 14 PI.
Glands of the nasal cavity. The lesions in the glands of the nasal septum and those associated with the MS were very similar in appearance and distribution. Lesions were detected in both locations as early as day 2 PI in one of five rats. Peak mean lesion scores were observed on day 8 PI for both categories of glands (Fig.   1 ). In general, the lesions were mild to moderate, multifocal, and randomly distributed and usually associated with lesions in the overlying epithelium. Typically, the lesions were characterized by interstitial edema and inflammation. The inflammatory reaction consisted of a mixed population of cells during the first week of the infection, followed by mononuclear cell infiltration.
The glands surrounding the VO reacted somewhat differently from the other glands. Lesions in this location were first detected at day 2 PI, and lesions were observed in infected rats over the remainder of the study. The peak lesion score was observed on days 6 and 8 PI (Fig. 1) . Initially there was interlobular edema and a mild infiltration of predominantly mononuclear cells into the surrounding interstitium. There was necrosis of acinar epithelium, and the dilated lumina of affected acini contained degenerate neutrophils and exfoliated necrotic epithelial cells. Later in the infection, many acini were lined by attenuated epithelial cells containing basophilic cytoplasm. In some glands, there was moderate squamous metaplasia of the epithelium. By day 14, most glands were histologically normal, although the occasional inflammatory cell remained within the interstitial spaces or the lumina of scattered acini.
Immunohistochemistr y
Immunohistochemical staining was performed on the tissues of a representative number of infected and negative control rats euthanatized on days 2, 4, 6, 8, and 10 PI. Positive cells stained deep brown and were easily differentiated from the less intense pale red-brown background staining (Fig. 1 1) . Both formalin-fixed and Karnovsky-fixed tissues stained well with this technique. Viral antigen was detected in all SDAV-inoculated rats euthanatized on days 2, 4, and 6 PI but not in rats euthanatized on days 8 and 10 PI. Control rats were consistently negative throughout the study. Positive staining was confined to the cytoplasm of affected epithelial cells (Fig. 11 ). In general, the distribution of the positive staining was similar to but usually less extensive than the histologic lesions. However, positive staining frequently preceded the microscopic changes and was sometimes observed in cells that appeared histologically normal by light microscopy.
SSE. Viral antigen was not detected in this epithelium. OE. Positive immunohistochemical staining for coronaviral antigen was detected only on days 4 and 6 PI in the OE. The staining was not as intense as that seen in the RE and was confined to the apical cytoplasm of an occasional sustentacular cell within or in close proximity to a damaged segment of epithelium. NLD. There was unequivocal positive immunohistochemical staining of a few scattered NLD epithelial cells. The positive staining was found at levels one, two, and three, but only during days 4 and 6 PI.
Glands of the cavity. There was occasional positive staining of the glands found within the nasal septum and those surrounding the MS and VO on days 4 and 6 PI. The staining was mild and focal and confined to the cytoplasm of the acinar and ductal epithelium. No staining was observed in Bowman's glands.
VO. Staining of this tissue was inconclusive. Although there was the occasional area within the apical cytoplasm of the VO-C that exhibited an increased brown staining, it was weak compared with that in the other tissues of the positive control animals. Unequivocal positive staining was also not observed in the VO-N.
Serology
IFA serum titers to coronavirus antigen were first detected in two SDAV-inoculated rats on day 6 PI, and all infected rats had seroconverted by day 8 PI. All negative control rats remained seronegative throughout the study. All serum samples tested for antibodies to common murine pathogens (Sendai virus, pneumonia virus of mice, cilia-associated respiratory bacillus, Mycoplasma pulmonis) were negative.
Discussion
The initial studies of natural and experimental SDAV infections focused on the lesions in the salivary and lacrimal glands and to a lesser extent on the upper respiratory tract.IL In subsequent studies, lesions in the lower respiratory tract2' and reproductive tract24 were described. Acute, transient rhinitis associated with SDA, characterized by lesions in the RE, with occasional involvement of the submucosal glands and the olfactory epithelium, has been reported previous-1y. 11, 22, 26 Based on this study, lesions in the nasal cavity can be quite marked and other tissues not described previously can be affected. Of particular interest was the persistence of lesions in some regions of the nasal cavity beyond the 14-day observation period. The design of this experiment was based, in part, on previous reports in which lesions in the upper and lower respiratory tract were essentially resolved by 10-12 days Lesions in the TE, RE, and the pharyngeal duct were similar to those described for the nasal cavity, which had resolved by 2 weeks PI. This study also demonstrated that lesions in the RE were present at all levels of the nasal cavity, although they were most consistent and severe in the rostra1 segments. Lesions of this type have been described in association with Sendai virus infections' and in inhalation studies using noxious gases. 14 The presence of lesions in the OE was a prominent feature in all infected rats beginning at 4 days PI. The positive immunohistochemical staining of this epithelium was confined to the sustentacular cells, suggesting that other OE cells may be refractory to SDAV infection and replication. The minimal inflammatory response that accompanied the epithelial changes has been observed in other studies.I0J4 The delay in OE repair has been observed previously. Hurt et al. reported that damaged OE may take up to 10 weeks to regenerate completely.IO The normal function of olfaction therefore could be impaired for a significant period of time, which has been observed in rats with chemically induced damage in the OE.Io
The presence of lesions in the NLD and the VO was an unexpected finding. The squamous metaplasia present in the NLD during the course of the disease is consistent with a response to a persistent irritant. The increased release of porphyrins from SDAV-infected Harderian glands likely contributed to these changes and is postulated to play a role in the persistent lesions that sometimes occur in SDAV-infected Harderian glands.20 Unequivocal immunohistochemical staining of a small number of NLD epithelial cells indicated that viral replication also contributed directly to the changes present in this tissue. The marked disruption of the normal architecture of the VO-C and the VO-N in the VO occurred in the absence of unequivocal immunohistochemical staining for the presence of viral antigen in this study. However, in another study of the upper respiratory tract of SDAV-inoculated rats, viral antigen was observed in this area (R. 0. Jacoby, personal communication). Damage may have been primarily due to altered or reduced secretions from infected septa1 or vomeronasal glands. Regardless of the pathogenesis of these lesions, damage to the VO could conceivably compromise function during the course of the disease, including reproductive behavior in this species. 25 The demonstration of viral antigen during the acute stages of the disease and the consistent seroconversion present in all animals tested during the convalescent stages of the disease confirm that successful infection with SDAV did occur. The disappearance of viral antigen in tissues correlated well with the appearance of serum antibody to SDAV. The results of this study further emphasize that relatively mild infections with infectious agents such as SDAV may have significant effects on normal physiological functions during the acute and convalescent phases of the disease. In addition to the changes that occur in the nasal cavity during the acute stages of the disease, functions such as olfaction and chemoreception could be impaired for a considerable period of time following recovery from the disease. 
